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Lymphedema is an important medical issue around the world. According to the litera-
ture, 180–250 million people are affected by lymphedema (1); however, prevalence is 
frequently underrated due to delayed clinical identification and insufficient follow-up 

(1, 2). It is estimated that 1–2 million people are affected by primary lymphedema and 2–3 
million by secondary lymphedema, in the United States only (3). 

Lymphatic vessels transport lymph back to the venous system, allowing the elimination 
of excessive fluid from the interstitium. Lymphedema is represented by an anomalous col-
lection of fluid in soft tissue (4), caused by primary (congenital abnormalities) or secondary 
lymphatic system disorders; the latter is related to stenosis or obstruction of lymphatic ves-
sels, which often arise as a result of oncological conditions such as lymph node dissection 
or radiotherapy (4–8). By the accumulation of subcutaneous protein rich fluid, lymphedema 
determines a pro-inflammatory state, adipose tissue hypertrophy, and progressive intersti-
tial space fibrosis (6), with an increased risk of recurrent cellulitis (8). Lymphedema diagnosis 
and assessment is mainly based on clinical evaluation and on circumferential measurement 
of the limbs, taken at fixed anatomical points (9). Decongestive physiotherapy, with a mix 
of skin care, lymphatic massage and compressive therapy, is considered the treatment of 
choice (10). However, some patients are not sufficiently responsive to nonsurgical treat-
ments (11); thus, currently different surgical techniques are being investigated for improv-
ing lymphatic peripheral circulation in order to reduce limb diameter (12). Surgical options 
include reconstructive techniques such as lymphaticovenular anastomosis (LVA) and vas-
cularized lymph node transfer (VLNT) or reductive techniques such as debulking/excision 
and liposuction (13). VLNT promote lymphangiogenesis throughout a microvascular trans-
plantation of functional lymph nodes into an extremity. It generally consists of transferring 
both deep inferior epigastric artery perforator and superficial inguinal lymph node flaps; 
however, several other VLNT options are available today (14). LVA represents a microsurgical 
technique aimed to establish an anastomosis between distal functioning lymphatic collec-
tors and adjacent small subdermal venules less than 0.8 mm in diameter. Microsurgical sites 
are identified by superficial veins mapping; then, under local anesthesia, skin incision and 
a subcutaneous tissue dissection are performed under a high magnification microscope, so 
vessels are dissected and endoluminal sutures are performed (15). LVA represents a valid 
technique for the resolution of obstructive lymphedema, as demonstrated by Campisi et al. 
(16), with an 87% reduction in the incidence of cellulitis after the procedure and increased 
softness of the limbs and decreased peripheral edema at 7 years follow-up in patients with 
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chronic obstructive lymphedema (16). Lo-
cal anesthesia is sufficient to perform LVA, 
making it a suitable option for patients with 
comorbidities or elderly patients (17). 

Currently, there are different imaging 
techniques suitable for first evaluation and 
follow-up of lymphedema; however, screen-
ing and identification require specialized 
equipment (18, 19). For many years radio-
nuclide lymphoscintigraphy has been the 
gold standard in cases of lymphedema, fol-
lowed by indocyanine green fluorescence 
lymphangiography (ICGL), with several lim-
itations ranging from long acquisition time 
and ionizing radiation exposure to limited 
anatomic coverage of ICGL (20). Recently, 
magnetic resonance imaging (MRI)-based 
new study protocols have been developed 
focusing on lymphedema screening and 
follow-up, creating imaging sequences 
with and without contrast medium (21, 22). 
There are no objective measurements to 
show that surgical management schemes 
(VLNT/LVA) are better than conventional 
treatments, and surgical management is 
frequently accompanied by conservative 
treatment. In this context, magnetic reso-
nance lymphangiography (MRL) represents 
a noninvasive imaging technique, helpful in 
lymphatic follow-up after conservative or 
surgical management or during lymphat-
ic assessment. Noninvasive MRL (NIMRL), 
through heavily T2-weighted sequences 
with very long TR/TE, has the possibility to 
highlight lymphatic vessels without the use 
of an exogenous contrast material (22). On 
the other hand, MRL performed with injec-

tions of gadolinium-based contrast agents 
in the interdigital web spaces or with in-
travenous injection of the same gadolini-
um-based contrast can be used to suppress 
the venous signal for better evaluation of 
lymphatic vessels, suitable for performing 
surgical treatments (23, 24). 

The aim of this review article is to de-
scribe scientific progression in lymphatic 
vessels evaluation leading up to the MRL 
technique, and to investigate the differenc-
es between the two most commonly used 
techniques in the literature (MRI with and 
without contrast agent) in order to provide 
a complete statement on the best method 
to achieve high-quality MRL images accord-
ing to the clinical scenario. 

Imaging of lymphatics
Lymphography

Lymphography was the first imaging 
modality to study lymphatic vessels (25). 
Similar to angiography, the direct injection 
of a contrast agent into a vessel allows the 
visualization of the vascular system. The 
contrast (Direct Blue or Patent Blue) is in-
jected into the dermis where it is absorbed 
by initial lymphatics and fills the lymphatic 
vessels that drain the injection site, high-
lighting only the lymphatic vessels drain-
ing that position (26). This technique was 
developed for the first time by Kinmonth 
in 1952 and allows the identification of 
lymphatic channels that can be cannulated 
and injected with an opaque contrast agent 
for radiographic imaging (27, 28). Lipiodol 
(oil-soluble nature), the usual contrast ma-
terial, is no longer available, because it was 
observed that this oil-based contrast causes 
obliteration of the vessels through inflam-
matory process or direct blockage by the 
oily material itself (29). Contrast agent was 
then modified according to clinical and ex-
perimental applications (30), and the tech-
nique was eventually superseded by newer 
methods.

Indocyanine green fluorescence 
lymphangiography 

Indocyanine green lymphography (ICGL) 
has been widely used in the field of lymph-
edema as a complementary technique to 
lymphoscintigraphy (28). Currently, ICG 
fluorescence lymphangiography allows a 
direct real-time evaluation of subdermal 
lymphatics and it is considered an essen-
tial diagnostic imaging technique for the 
evaluation of lymphatic system, because it 

is minimally invasive and highly sensitive 
(31). ICG (0.2–1 mL, ICG 0.5%) is adminis-
tered through an intradermal injection, at II 
interdigital space on the dorsum of the foot 
and at level of the lateral edge of Achilles 
tendon, in cases of lower limb lymphedema 
or at II interdigital space of the dorsum of 
the hand and on the ulnar ventral surface of 
the wrist, in cases of upper limb lymphede-
ma. Images of lymphatic system are then 
obtained using an infrared camera (28). It 
seems to be an effective technique; howev-
er, it is not able to detect lymphatic vessels 
deeper than 1.5–2 cm under the skin. This 
condition represents an important limita-
tion for the preoperative evaluation of pe-
ripheral lymphedema (31), which can be 
overcome by the use of other techniques, 
such as MRL. Moreover, even though it is a 
safe and minimally invasive technique that 
can be performed repeatedly, the patient is 
exposed to radiation dose (28–31). 

Radionuclide lymphoscintigraphy
For many years, radionuclide lympho-

scintigraphy has been the gold standard 
in cases of lymphedema (32). This imaging 
modality includes the injection of intrader-
mal or subcutaneous radiolabeled tracers 
with subsequent gamma camera monitor-
ing. It largely depends on the choice of ra-
diotracer: 99m Tc-filtered sulfur colloid (par-
ticle size 100 nm) is a radiotracer frequently 
used, because it is cheap, safe and effective; 
however, it has the disadvantages of mini-
mal absorption from the injection site with 
a slow transport rate; moreover, this slow 
transit increases the acquisitions times. 

The type and site of injection also play a 
crucial role in lymphoscintigraphy; in fact, 
subcutaneous injection of colloidal agents 
seems to produce more reliable results 
compared with intradermal injection (32, 
33). The colloid is administered through a 
26-gauge needle injection for each site (the 
space between the 1st and 2nd and the 2nd 
and 3rd digits of the hands or feet) and gen-
erally both limbs are prepared (one is used 
as control). A dual-detector instrument is 
used to follow the progression of the trac-
er and to record the images. A transmission 
scan permits anatomic localization of the vi-
sualized areas (34). Data is collected within 
10 minutes from the injection, at 1–2 h, and 
4–6 h after tracer administration (35–37). 

However, the poor spatial and temporal 
resolution of this technique, in addition to 
ionizing radiation exposure for both pa-
tients and clinicians, limited its use (35). For 

Main points

• MRL is a valid method to diagnose lymphede-
ma and to map lymphatic vessels, which is fun-
damental to follow the disease development 
and to plan the appropriate surgical treatment. 

• NIMRL, through heavily T2-weighted and 
fat-suppressed sequences, is able to evaluate 
the presence, severity, and extent of lymph-
edema, as well as associated soft-tissue chang-
es, avoiding the need of contrast media injec-
tion.

• Contrast-enhanced MRL can map the lym-
phatic vessels throughout high-resolution 3D 
sequences with the advantage of dynamic 
monitoring of the lymphatic transit with high 
spatial and temporal resolution, and a mini-
mally invasive technique.

• Indocyanine green-combined MRI aims to 
overcome the limitations of imaging by MRL 
alone, with more sensitive imaging.



these reasons, other techniques emerged 
to replace lymphoscintigraphy for many 
applications.

Magnetic resonance lymphangiography
MRL, with or without the use of gadolin-

ium-based contrast agent, is a widely de-
scribed technique in recent literature (21, 
22), as a valid support to diagnose lymph-
edema and to map lymphatic vessels. This 
approach is helpful to follow the disease 
development and to plan the appropriate 
surgical treatment, especially LVA. In order 
to plan physiological reconstructive tech-
niques, and in particular LVA, MRL is essen-
tial to assess the lymphatic channels’ status 
(23), and to find the small subdermal lym-
phatic channels and venules necessary to 
carry out the anastomoses. As nuclear lym-
phoscintigraphy is not able to discern sin-
gular lymphatic channels, venules and ICGL 
has a limited penetration depth of about 
2 cm, MRL is usually used as the preferred 
preoperative imaging modality. When MRL 
does not detect functioning superficial lym-
phatic channels, there is no indication for 
performing LVA bypass (21). The major ad-
vantage of MRL compared to radionuclide 
lymphoscintigraphy are better spatial and 
temporal resolution without ionizing dose 
exposure to the patient (21, 31, 36, 37). 

MRL techniques
Magnetic resonance equipment

MRL can be executed on a 1.5 T or 3.0 T 
unit (22, 38, 39). According to recent studies, 
a quadrature detection phased-array coil 
should be used to study the thoracic duct, 
while a six-channel phased array body coil 
should be used for imaging the retroper-
itoneal lymphatic vessels, lower or upper 
limbs (40, 41); a phased-array 36-channel 
peripheral angiography coil and an 8-chan-
nel body coil can be also used for both up-
per and lower limb studies (42). 

Patient preparation and positioning
Patients are asked to wear elastic stock-

ings or bandages for 1 day to reduce lym-
phatic drainage. Moreover, to study retro-
peritoneal lymphatic vessels, patients are 
asked to drink pineapple juice 30 min be-
fore the examination to reduce bowel con-
tent signal intensity (43). It is very important 
to instruct the patient about the duration of 
the examination, and the correct position 
that should be maintained during the en-
tire period. Positioning varies depending 

on the site of investigation. For upper limb 
evaluation, the patient is placed in prone 
position, head first, and fasting is recom-
mended during the examination to reduce 
motion artifacts. Direct contact of the coil 
with the skin should be avoided to reduce 
the hyperintensity artifacts. Anatomical 
sites evaluated are the following: hand, 
wrist and forearm; elbow, arm, shoulder; 
axillary lymph nodes. In case of lower limb 
evaluation, the patient is placed in the su-
pine position, feet first, reaching parallelism 
of lower extremity and the main magnetic 
field and near the most homogeneous area 
of B0. The toes emerge from the holes of the 
coil and are easily accessible for the injec-
tion of the contrast agent. The acquisition 
is usually performed in 3 or 4 runs to cover 
all the anatomical sites of the extremities, 
according to the height of the patient. An-
atomical areas evaluated are the following: 
feet, ankle, lower leg; knee, upper leg, lower 
thigh; medial and proximal thigh; inguinal 
and pelvic region, root of the thigh.

A 24- to 28-gauge thin needle is generally 
used to perform subcutaneous injection in 
the dorsal aspect of interdigital web spaces 
(foot or hand according to the site of inter-
est). Generally, a volume of 1 mL (2 mL max) 
for each space is sufficient. 

A mixture of the standard dose (0.1 mmol/
kg body weight) of a paramagnetic contrast 
medium and 0.5  mL of lidocaine 1% for lo-
cal anesthesia is injected subcutaneously/
intradermally; furthermore a topical local 
anesthetic cream (mixture of lidocaine 2.5% 
and prilocaine 2.5%, EMLA 5%, AstraZene-
ca) is placed to each interdigital web space 
30 min before the injection. Most authors use 
gadobenate dimeglumine (Gd-BOPTA, Multi-
hance, Bracco Imaging) (23, 44) or gadobutrol 
(Gadovist 1.0 M, Bayer) (45); however, some 
other contrast agents have also been safe-
ly used for MRL: gadoterate meglumine 
(Gd-DOTA, Dotarem, Guerbet), gadoteridol 
or (Gd-HPDO3A, Prohance, Bracco Imaging) 
(46). The low molecular weight of extracellu-
lar gadolinium-based contrast agents allows 
these agents to be taken up by the lymphatic 
circulation after intracutaneous injection (47). 
The injection sites are normally massaged for 
60 s after contrast material injection to facili-
tate lymphatic uptake (31).

For intravenous contrast administration, 
relatively novel  contrast agents such as 
Ultrasmall superparamagnetic iron oxide 
particles (USPIO)  were specifically created 
for MRL; after intravenous administration, 

USPIO are taken up by the macrophages of 
the lymph nodes and lymphatics, where they 
accumulate (48). Mitsumori et al. (46) used a 
gadolinium-based contrast agent for intrave-
nous injection before the introduction of an 
iron-oxide blood-pool contrast agent (Feru-
moxytol; Feraheme, Advanced Magnetics, 
carbohydrate-coated ultrasmall iron-oxide 
particle, with an intravascular half-life of 15 
hours), recently introduced to remove ve-
nous signal secondary to T2* suppression 
(46, 49). Ferumoxytol can also be used as an 
off-label agent for magnetic resonance angi-
ography in patients with contraindications to 
gadolinium-based contrast, even if there is 
currently limited access to it worldwide (50).

Noncontrast method (NIMRL)
Recently some articles reported the possi-

bility to make noninvasive MRL (NIMRL), for 
both upper and lower extremities (43, 44). 
The major advantage is the absence of an ex-
ogenous contrast; however, many disadvan-
tages have been reported, such as the slower 
velocity of lymph vs. blood and the increased 
field heterogeneity and radiofrequency la-
beling inefficiency in the extremities. 

Imaging protocol
At first a survey and a calibration for all 

the anatomical sites are performed, fol-
lowed by axial and coronal True FISP se-
quences to delineate the volumes to be 
covered. Some authors perform an axial 
T2 TSE to calculate lymph node number 
and size (42, 51, 52). Then, a T2-lymphan-
giography sequence is acquired (heavily 
T2-weighted 3D sequence, with a very long 
TR/TE). Other sequences can be associated 
and are reported in Table1.

The acquisition parameters of NIMRL ac-
cording to the studies reported in the liter-
ature are summarized in Table 2. Moreover, 
this technique can be extended to abdomi-
nal organs (53). 

MRL with intradermal injection of 
gadolinium-based contrast agent

Recently, MRL performed with injections 
of gadolinium-based contrast agents in the 
interdigital web spaces has been widely 
used. Intradermal injections enable rapid 
access of gadolinium into the initial lym-
phatics and is limited to 0.1 cc of volume.   
Sometimes subcutaneous injections are 
performed to study for larger volumes. The 
major advantage of intradermal injection is 
the possibility to clearly identify pathologi-
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cal lymphatic vessels suitable for perform-
ing LVA treatment. This imaging modality is 
also widely used to assess and define lym-
phatic pathology in pediatric patients with 
good results (54).

Imaging protocol
At first a survey and calibration for all an-

atomical sites are done as in NIMRL; the ba-
sic sequence is a post-contrast T1-weighted 

3D with fat saturation; however, sequences 
can vary, depending on different MRI units 
as described in Table 3: fast low angle shot 
(FLASH), volume interpolated breath-hold 
examination (VIBE), 3D spoiled gradient-re-
called echo T1-weighted sequence with 
SPECtral inversion at lipid (FSPGR with SPE-
CIAL) sequences can be used (55). Usually 
an acquisition (mask) before contrast agent 
injection is performed and then subtracted 

from post-contrast acquisitions, in order 
to highlight contrast uptake in the vessels 
(23). Most authors acquired the post-con-
trast sequences at 10 minutes after contrast 
media injection (32, 45); Mazzei et al. (21) 
reported using an interval time of 15 min-
utes, in particular, acquiring the first site 
and repeating it at 5, 20 and 35 minutes 
after the injection of the contrast medium; 
the other sites were acquired in sequence 

Table 1. NIMRL-associated sequences according to the literature 

Sequence Plane TR TE Matrix  size FOV (mm) Flip angle Slice thickness (mm)

Arrivé (53) HASTE without fat suppression Axial 1200 114 176Å~256 NS 180° 6

Arrivé (42) IDEAL Axial 4233 76 320Å~192 380Å~380 NS 6

NIMRL, noninvasive magnetic resonance lymphangiography; TR, repetition time; TE, echo time; FOV, field of view; HASTE, half-Fourier acquisition single-shot turbo spin-echo; 
NS, not specified; IDEAL, iterative decomposition of water and fat with echo asymmetry and least-squares estimation.

Table 2. Technical parameters of NIMRL according to the studies reported in the literature

MRI unit Sequence Plane TR TE Matrix size FOV (mm) Flip angle
Slice thickness 
(mm)

Cellina (22) Magnetom Avanto,  
Siemens Healthineers

T2 space COR FS TSE Coronal 2870 797 358×384 380×380 140° 1

Takahashi (41) VISART EX, Toshiba 3D Half-Fourier TSE Coronal 7000 500 320×320 360×360 NS 2

Arrivé (53) Magnetom Symphony, 
Siemens

3D TSE Coronal 1400 800 256×256 NS 180° 1

Arrivé (43) Signa HDxt, GE 3D TSE Coronal 4000 884 512×288 400×400 90° 0.8–1.4

Liu (44) Magnetom Vision Plus, 
Siemens

TSE Coronal 2800 1100 256×256 NS 150° 3

NIMRL, noninvasive magnetic resonance lymphangiography; TR, repetition time; TE, echo time; FOV, field of view; TSE, turbo spin-echo; 3D, three-dimensional; NS, not speci-
fied.

Table 3. Technical parameters of contrast-enhanced MRL according to the studies reported in the literature

MRI unit Sequence Plane TR TE Matrix size FOV (mm)
Slice thickness 
(mm) NEX

Bandwidth 
(kHz)

Mazzei (21) Signa TwinSpeed 
HDxt GE

3D spoiled GRE T1- 
weighted with SPECtral 
inversion at lipid 
balanced

Coronal 5 2.1 448×320 44×44 2.8/1.4 1 ±111.1

Bae (35) Magnetom Trio; 
Siemens

3D T1-weighted GRE Coronal 3.5 1.3 288 Å~ 202 279 1.2 NS 511

Mitsumori (46) NS 3D T1-weighted GRE Sagittal 7.2 3.3 NS 485×162×100 NS NS NS

White (45) Magnetom  
Avanto; Siemens

Volume  interpolated 
breath-hold  
examination (VIBE)

Coronal 3.74 1.51 448×448 500×375 1.5 NS NS

White (45) Magnetom Trio; 
Siemens

Fast  low angle shot 
(FLASH)

Coronal 2.8 1.06 512×512 500×312 1.5 NS NS

Jeon (55) Ingenia, Philips  
Medical Systems

3D fat-suppressed  
T1-weighed FSE

Coronal 350 17 NS 350×450 1 NS 355

Jeon (55) Ingenia, Philips  
Medical Systems

3D fat-suppressed 
intermediate-weighed 
FSE

Coronal 1400 40 NS 350×450 1 NS 370

MRL, magnetic resonance lymphangiography; TR, repetition time; TE, echo time; FOV, field of view; NEX, number of excitations; 3D, three-dimensional; GRE, gradient echo; NS; 
not specified; FSE, fast spin-echo.



after the first one at 5, 20 and 35 minutes 
(the total average examination time is 1 
hour and 15 minutes for the lower limb (3 
min Å~3/4 anatomical sites and 3 min 50 
s Å~3/4 anatomical sites Å~4 times [at 0, 
5, 20, and 35 min]) and 50 minutes for the 
upper limb (21). The mean acquisition time 
was 15 and 25 minutes for lower leg, and 35 
and 45 min for thigh and pelvis (45).

Other sequences can be added to the 
study, before performing post-contrast se-
quences, depending on the type of MRI unit 
used: Signa TwinSpeed HDxt GE, Coronal 3D 
steady-state free precession (SSFP) balanced 
(TR/TE, 4/1.9 ms; FOV, 40×40 cm; matrix, 
224×192; thickness, 2/1 mm), 3D T2-weight-
ed turbo spin-echo (TR/TE, 2000/680 ms; 
FOV, 40×40 cm; matrix, 320×224; thickness, 
3.5/1 mm) (21); Magnetom Trio Siemens 
Healthcare, T2-weighted coronal rapid ac-
quisition with spectral fat saturation and 
sampling perfection with application of 
optimized contrast using different flip angle 
evolution (SPACE: TR/TE, 4000/221 ms; flip 
angle, 120°; section thickness, 1.5 mm; in-
plane resolution, 1.0 Å~1.4 mm2; FOV, 350 
mm; integrated parallel acquisition tech-
nique with acceleration factor of three) (36), 
Magnetom Avanto Siemens Healthcare, cor-
onal half-Fourier acquisition single-shot tur-
bo spin-echo (HASTE: TR/TE, 2000/696 ms; 
section thickness, 1.5 mm; FOV, 480×360; 
matrix, 256×256) (44), Magnetom Trio Sie-
mens Healthcare, coronal HASTE (TR/TE, 
2500/400 ms; section thickness, 2 mm; FOV, 
380×285; matrix, 256×256) (45). 

MRL with both intradermal and 
intravenous injection of contrast agent

MRL requires intracutaneous injection of 
an extracellular gadolinium-based contrast 
agent to allow its uptake by the lymphatic 
circulation; however, the intravenous injec-
tion of the same Gd-based contrast agent 
used for the lymphangiogram or, more re-
cently, an iron-based blood-pool agent, ei-
ther before gadolinium injection or any time 
necessary during the examination, can be 
used to create a suppression of venous sig-
nal (46). However, only a few articles in the 
literature performed this procedure (46, 48).

Imaging protocol
The initial protocol acquisition is similar 

to MRL performed with injection of gado-
linium-based contrast agent in the interdig-
ital web spaces. Mainly two sequences are 
used: a heavily T2-weighted 3D turbo spin 

echo (TSE) with spectral fat suppression 
and a dynamic fat-suppressed T1-weighted 
3D spoiled gradient echo (SPGR) (either a 
single-echo 3D T1-weighted gradient-echo 
(GRE) with spectral fat suppression or du-
al-echo 3D T1-weighted GRE with Dixon 
reconstruction) before and after the in-
tracutaneous injection of contrast medium. 
A minimum of 6 dynamic-phase acquisi-
tions at 10-minute intervals (0-10-20-30-
40-50 min) are acquired. A fat-suppressed 
T1-weighted 3D SPGR sequence acquired 
180 s after a single dose (0.1 mmol/kg) of 
the same gadolinium-based contrast agent 
is added, with the aim to remove venous 
signal secondary to T2 suppression (46). 

Discussion
Nowadays lymphangiographic imaging 

remains an open issue, although there have 
been recent advances in the assessment 
of the lymphatic system, due to the lack of 
specific diagnostic methods. Lymphoscin-
tigraphy is the most common technique 
for the study of lymphatic vessels; however, 
it is limited by the lack of sufficient spatial 
resolution, essential to highlight lymphatic 
anatomy, and long acquisition times, mak-
ing it uncomfortable for the patients, in ad-
dition to ionizing radiation exposure (25). 
The lack of vein representation limits the use 
of this technique for planning LVA treatment 
too. MRL represents a valid tool to evaluate 
lymph nodes and lymphatic channels. MRL 
has high spatial resolution and the possibil-
ity to use 3D sequences without radiation 
dose exposure to the patient (56), even if it 
is affected by some limitations such as long 
acquisition times (less than lymphoscintig-
raphy, 1 hour vs. 6-8 hours) or the need of 
manual massage or  lymphatic drainage, to 
facilitate the progression of the adminis-
tered contrast, in cases of chronic lymphede-
ma. Moreover, MRL offers a good evaluation 
of deep lymphatic vessels at the expenses 
of superficial lymphatic vessels and veins 
(19, 21). The authors should decide the 
best method to visualize lymphatic vessels 
through MRL or decide to combine different 
imaging modalities (ICG-MRI) to overcome 
limitations of MRL when used as the sole im-
aging method. 

NIMRL 
NIMRL represents a relatively new im-

aging protocol to study lymphatic vessels 
without the injection of contrast media; 
it is a great option, especially for allergic 

and pediatric patients, overcoming all the 
problems related to contrast media compli-
cations after intracutaneous injection (57). 
Patients undergoing MRL with contrast 
media can experience pain and swelling at 
the sites of intracutaneous contrast injec-
tions (6). Moreover NIMRL, through heavily 
T2-weighted and fat-suppressed sequenc-
es, is able to evaluate the subcutaneous soft 
tissues to delineate the presence, severity, 
and extent of lymphedema, as well as asso-
ciated soft-tissue changes such as adipose 
deposition and fibrosis avoiding the need 
of contrast media injection (58, 42). NIM-
RL seems to be superior for the analysis of 
proximal lymphatic ducts, such as inguinal 
and iliac, compared to contrast-enhanced 
MRL, and it is suitable for detecting the mal-
formation of the deep lymphatic system, 
especially lymphatic dilatation deformity 
(41). The major limitation of NIMRL is repre-
sented by only few diagnostic experiences 
with this technique present in the litera-
ture, so larger patient case series are need-
ed to validate this procedure; moreover 
the scanty number of articles comparing 
this imaging modality with intraoperative 
findings, makes it difficult to determine 
if NIMRL is sufficient by itself to provide 
a correct pre-procedural and diagnostic 
tool. Furthermore, NIMRL cannot show 
normal or hypoplastic lymphatic vessels 
(59) and distal lymphatic vessels because 
of its lesser spatial resolution compared 
with contrast-enhanced MRL. Moreover, in 
the absence of contrast medium, no infor-
mation is gathered about vessels’ function-
ality  (both lymphatics and veins), which is 
essential to identify lymphatics suitable for 
performing LVA treatment; in this sense, 
contrast-enhanced MRL has a great advan-
tage since the vessels visualized in this way 
have at least a residual undamaged pump 
to drain the contrast agent (16, 42). 

Using NIMRL, blood and lymphatic ves-
sel features can appear similar, both in MIP 
reconstructions and in acquisition sequenc-
es, since these vessels are closer; thus, dis-
tinguishing between the lymphatics and 
blood vessels can be difficult (38). However 
some articles in literature (21–23) have de-
scribed the possibility to differentiate venus 
from lymphatic vessels at the same time 
with NIMRL: caliber, morphology and bead-
ed appearance of vessels have been ex-
plored with good histology-proven results 
(21). Furthermore to improve this possibil-
ity, Crescenzi et al. (39) tried to implement 
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some procedures to insure blood-water sig-
nal suppression: the authors utilized a long 
echo time sequence (MRI unit 3.0 T Philips 
Healthcare, TEeffective=600 ms; TEequivalent=491 
ms). Since 3.0 T lymphatic T2 is 610 ms (5), 
3.0 T venous and arterial blood–water T2 
are less than 50 ms and 150 ms, respective-
ly, including microvessels with a hematocrit 
<0.30 (60), and a long TSE pulse train (TSE-

factor=90; shot duration=1187 ms), which 
serves to inefficiently refocus fast-flowing 
spins, as is the case for blood–water. 

MRL with gadolinium-based contrast agent
MRL with intradermal injections of gad-

olinium-based contrast agent was intro-
duced with the aim to improve lymphatic 
vessels disease interpretation. Contrast-en-

hanced MRL imaging is used to map the 
lymphatic vessels throughout high-resolu-
tion 3D sequences, with the advantage of 
dynamic monitoring of the lymphatic tran-
sit with a minimally invasive technique. It 
provides good morphologic and functional 
information in a single examination, with 
high spatial and temporal resolution, de-
picting the drainage pattern, lymph node 
position, lymphatics, and venous structures, 
as well as the severity of lymphedema (Fig. 
1) (23, 36, 38). Moreover contrast-enhanced 
MRL can identify the “dermal backflow” (an 
area of progressive interstitial dispersion of 
the contrast medium in soft tissue due to 
proximal obstruction of lymph drainage) 
(24), which is related to high intralymphatic 
pressure and excess of lymphatic fluid. This 

feature is indicative of proximal lymphat-
ic obstruction with alternate pathways of 
transport and is generally seen after a mean 
time of 15–20 min from the injection of the 
contrast media, with increasing intensity 
over time (24). The immediate visualization 
of contrast media extravasation, and the 
correct identification of the point of ob-
struction, allows faster and more accurate 
planning for LVA treatment. 

Limitation of contrast-enhanced MRL are 
higher costs related to the presence of con-
trast medium and the longer acquisition time 
compared with NIMRL. Contrast-enhanced 
MRL examination takes approximately 1 h 
and 15 min (21), while NIMRL takes half an 
hour including patient positioning and im-
age acquisition (35), so longer acquisition 

Figure 1. a–f. Clinical example of the kinetic of 
enhancement (ROI 1 = lymphatic; empty arrow; 
ROI 2= vein, white arrow). Coronal and axial 
3D T1 gradient-echo sequences with SPECtral 
inversion at Lipid (FSPGR) show different 
morphology and diameter of lymphatic vessels 
(empty arrow) and veins (white arrow) (a, b). 
Taking into account the kinetic of enhancement 
at 5, 20, 35, 50 minutes after subcutaneous 
injection of contrast media, there is a clear 
increase in the region of interest (ROI) values 
in the affected lymphatic vessel, while in the 
vein, an uptrend followed by a down trend is 
observed (c–f). 
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time means further costs. Even if also NIMRL 
could allow the differentiation between lym-
phatic vessels and veins, contrast-enhanced 
MRL allows for better differentiation be-
tween these two anatomical structures, even 
though sometimes, there can be venous 
contamination, because gadolinium che-
lates-based contrast is water soluble and dif-
fusible (22). Some authors (45) highlight the 
possibility to reduce venous contamination 
by using intradermal injection rather than 
subcutaneous injection. Mazzei et al. (21) 
used a precaution to reduce contamination 
by withdrawing the syringe plunger before 
the injection in order to avoid cannulation of 
a small vein. Moreover, Mazzei at al. (21), per-
formed a steady-state free precession (SSFP) 
balanced electrocardiography-triggered se-
quence (FIESTA, GE), with spectral fat satura-
tion, before the injection of the contrast me-
dium, which allowed correct visualization of 
the venous system, lymphedema and lymph 
nodes, without adding too much time to 
the full exam (Fig. 2). Mitsumori et al. (46) 
performed an intravenous systemic and sub-
dermal injection of Gd-based contrast with 
the aim to overcome contrast-MRL limitation 
and to correctly distinguish lymphatic from 
venous vessels. They supported the idea 
to identify all venous vessels with contrast 
intravenous injection and technologically 
remove these vessels from those evidenced 
in subdermal contrast sequences, obtaining 
only lymphatic vessels. However, they pro-
vided no histological confirmation. Some 
studies introduce USPIO (<50 nm) as alter-
native to gadolinium-based contrast agent 

alone to study lymphatic vessels (26, 61). 
USPIO contrast decreases relaxation times in 
lymph nodes due to its specificity for the re-
ticuloendothelial system present in normal 
nodes, but is less represented in neoplastic 
nodes. However, this contrast is not very 
widespread; it is used for evaluating met-
astatic nodes, but less commonly used for 
mapping lymphatic vessels (62). Moreover, 
due to the negative-contrast nature of the 
detection, small lesions can be missed (26). 
Clearly, more extensive studies are needed 
to confirm the advantages of intravenous 
contrast media injection associated with 
standardized contrast-enhanced MRL. 

Indocyanine green-combined MRI and ICGL
The recent introduction of ICG-com-

bined MRI and ICGL aims to overcome the 
limitations of using MRL alone. Combined 
ICG-MRI offers more sensitive imaging and 
provides the surgeon with an improved 
understanding of lymphatic function and 
anatomy (31). The information obtained by 
the combination of these two techniques, 
allows the selection of safe, efficient and 
most effective locations for LVA, because 
ICGL alone is able to detect only superficial 
lymphatics vessels (31), and the addition 
of MRL to preoperative planning provides 
an accurate individual evaluation of the 
entire lymphatic system, from superficial 
to deep (31, 63–65). 

Conclusion
Lymphedema is an important medical is-

sue worldwide. MRL imaging of lymphatics 

has introduced a change in the assessment 
and management of lymphatic patholo-
gies, despite lymphoscintigraphy being  the 
most common technique today. This rela-
tively new approach and minimally invasive 
technique continues to develop according 
to the presence of higher Tesla MRI units 
and implements sequences focused on 
lymphatic imaging (9, 66). However, there is 
no agreement yet on the best technique to 
perform high-resolution MRL (67). 
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